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(57) ABSTRACT

A support assembly may include a support structure and a
P-clamp attached to the support structure. The P-clamp may
include a clamp body defining an opening, a mounting base
structured and arranged to engage the support structure, and
a connecting section interconnecting the clamp body and the
mounting base. The P-clamp may be arranged 1n an inverted
upright position where the mounting base 1s attached to the
support structure underneath the clamp body relative to a
direction of gravity. The P-clamp may yield at the connect-
ing section upon an application of a load for to the clamp
body that 1s equal to or greater than a predetermined applied
load three threshold. The support assembly may be useful 1n
an aircraft fuel line installation for supporting a fuel line
from the support structure.
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FRANGIBLE ATTACHMENT FOR FUEL
LINE SURVIVABILITY

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims priority to U.S. Provisional Patent
Application No. 62/827,935, filed on Apr. 2, 2019, the

contents of which are hereby incorporated 1n 1ts entirety.

TECHNICAL FIELD

The present disclosure relates generally to securing com-
ponents to support structures, and more particularly to a
support assembly and a frangible attachment for supporting
a fluid conduit (e.g., a fuel line) from a support structure
such as an aircraft structure.

BACKGROUND

This background description 1s set forth below for the
purpose of providing context only. Therefore, any aspect of
this background description, to the extent that it does not
otherwise qualily as prior art, 1s neither expressly nor
impliedly admitted as prior art against the mstant disclosure.

Some 1nstallations require a failure mechanism for the
attachment of various components and systems to a struc-
ture. An example of such installations include aircraft fuel
lines, where there 1s a grave concern about an aircrait fire
due to the rupture of the fuel lines following a survivable
crash event. Damaged fuel lines frequently cause spillage 1n
aircraft accidents. Fuel lines may be cut by surrounding
structure or worn through by chafing rough surfaces. The
current airworthiness standards for fuel lines installed on a
transport aircrait (14 CFR § 25.993(1)) requires that each
tuel line within the fuselage of the aircrait must be designed
and 1nstalled to allow a reasonable degree of deformation
and stretching without leakage. This allows the fuel line to
shuft and displace with collapsing structure. Aviation
authorities have indicated that a certain displacement of a
conduit 1n a guillotine-like test 1s acceptable to show com-
pliance with such requirement.

Fuel lines may be secured with frangible connections
(e.g., Ifrangible clamps or fasteners) that break apart and
release the tuel line upon a high impact load. However, such
frangible connections may be prone to premature failure
when subject to normal environmental and operational loads
imposed on the mechanism.

Improvements to aircraft installations which comply with
arrworthiness standards for tuel lines installed on transport
category aircrait for survivable crash events are therefore
still needed.

According to the present disclosure, there 1s provided a
frangible (e.g., deformable) attachment and a support assem-
bly for supporting a fluid conduit (e.g., a fuel line) from a
support structure, as set forth in the appended claims.

BRIEF DESCRIPTION OF THE DRAWINGS

While the claims are not limited to a specific i1llustration,
an appreciation of the various aspects 1s best gained through
a discussion of various examples thereof. Although the
drawings represent 1llustrations, the drawings are not nec-
essarily to scale and certain features may be exaggerated to
better illustrate and explain an mnovative aspect of an
example. Further, the exemplary illustrations described
herein are not intended to be exhaustive or otherwise lim-
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2

iting or restricted to the precise form and configuration
shown 1n the drawings and disclosed in the following

detailed description. Exemplary illustrates are described 1n
detail by referring to the drawings as follows:

FIG. 1 illustrates an exemplary aircrait;

FIG. 2 1llustrates a perspective view of a support assembly
according to an example, which may be used 1n an aircraft
such as shown 1n FIG. 1;

FIG. 3 illustrates a schematic cross-sectional view of the
support assembly of FIG. 2, taken along lines III-111;

FIG. 4 1llustrates a schematic cross-sectional view of an
exemplary P-clamp of the support assembly of FIG. 2; and

FIGS. 5A-5E illustrate schematic cross-sectional views of
the support assembly according to FIG. 2, showing con-
trolled deformation from an 1nitial condition to a deformed
condition.

DETAILED DESCRIPTION

In the drawings, where like numerals and characters
indicate like or corresponding parts throughout the several
views, exemplary illustrations are shown in detail. The
various features of the exemplary approaches illustrated and
described with reference to any one of the figures may be
combined with features illustrated 1in one or more other
figures, as 1t will be understood that alternative illustrations
that may not be explicitly illustrated or described may be
able to be produced. The combinations of features illustrated
provide representative approaches for typical applications.
However, various combinations and modifications of the
features consistent with the teachings of the present disclo-
sure¢ may be desired for particular applications or imple-
mentations.

The present disclosure relates to a frangible (e.g., deform-
able) attachment for releasably supporting systems, compo-
nents, and/or devices of an aircraft such as a fluid conduit
(e.g., a fuel line) from an aircrait support structure. In
addition, the arrangements described herein address con-
cerns related to fuel line survivability in crash events and
post-crash fires due to line rupture.

The frangible attachment may be configured to distort,
deform, and/or vield to ensure designed failure (e.g., con-
trolled deformation) under a predetermined loading profile
(e.g., a violent shock such as a dynamic 1mpact resulting
from an aircraft crash) so as to present a mimmimum hazard to
the aircrait, while being able to withstand static load forces
(the environmental and operational loads 1imposed on the
mechanism during the lifetime of the attachment) during
normal or expected flight conditions.

The {frangible attachment may comprise a P-clamp
arranged 1n an 1nverted upright (e.g., vertical) configuration
to facilitate controlled deformation under a predetermined
loading profile (e.g., a predetermined crash loading) and
failure at a predetermined load force threshold. According to
an exemplary illustration, the P-clamp has a clamp body
supporting the fuel line arranged above a mounting base
attached to an aircraft structure by a fastener (e.g., a stud,
screw, rivet, etc.). The term “above” means that the clamp
body 1s positioned opposite to the direction of the force of
gravity when the aircrait 1s located on the ground. The
P-clamp may be configured to withstand and resist opera-
tional and environmental static loads (e.g., weight of the
line, weight of the fuel, fuel pressure, etc.). The P-clamp
may vyield at a connecting section between the clamp body
and the mounting base when subjected to an applied load,
and fail when the applied load reaches a predetermined load
force threshold. The applied load may be a force applied 1n



US 11,713,133 B2

3

the vertical direction (e.g., Z-direction) under the eflect of
the kinetic energy produced by a violent shock such as an
aircraft crash. When the P-Clamp fails, e.g., when the clamp
body rotates and displaces, the attachment 1s more unstable
and allows the fuel line to flex and deform without impacting
the surrounding structure.

The controlled deformation may be influenced by struc-
tural characteristics (e.g., shape, thickness, material proper-
ties) of the P-clamp without the provision of break-away
mechanisms (e.g., features such as perforations, slots, or
other rupture mechanisms). Accordingly, the frangible
attachment can be retrofitted nto existing installations
thereby achieving savings with respect to costs and instal-
lation.

With respect to the discussion that follows, it 1s noted that
specific directional conventions are assumed to be known to
those skilled m the art. The directional conventions are
consistent with the forward travel direction of the aircrait. In
this context, the term “forward” (or its equivalent) refers to
the front end (or fore end) of the aircraft. The term “rear” (or
its equivalent) refers to the aft end (back end or stern) of the
aircraft. The term “right side” (or its equivalent) refers to the
right side (or starboard side) of the aircrait as defined by the
torward and aft ends of the aircrait. The term “left side” (or
its equivalent) refers to the left side (or port side) of the
aircrait, also as defined by the fore and aft ends thereof.

Additionally, the term “longitudinal™ refers to the longi-
tudinal direction of the aircraft that extends from the front
end to the rear end of the aircrait (e.g., the X-direction,
parallel to the fuselage). The term “lateral” refers to the
lateral direction of the aircraft that extends from the right
side to the left side of the aircrait (e.g., Y-direction, parallel
to the aircrait’s wingspan). As should be apparent, the lateral
direction 1s orthogonal to the longitudinal direction. The
terms “up” (or top) and “down” (or bottom) refer to a
vertical direction or orientation of the aircrait when the
aircraft 1s parked on the ground (e.g., the Z-direction,
parallel to the direction of gravity).

An exemplary support assembly comprising a frangible
(e.g., deformable) attachment for supporting a conduit (e.g.,
a fuel line) from a support structure, 1s described herein.

According to a first aspect, there 1s provided a support
assembly comprising a support structure and a P-clamp
attached to the support structure. The P-clamp includes a
clamp body defining an opening, a mounting base structured
and arranged to engage the support structure, and a con-
necting section interconnecting the clamp body and the
mounting base. The P-Clamp 1s arranged in an inverted
upright position where the mounting base 1s attached to the
support structure underneath the clamp body relative to a
direction of gravity. The P-clamp vields at the connecting
section upon an application of a load force to the clamp
body.

The connecting section includes a first member 1ntercon-
necting the mounting base and a first portion of the clamp
body, and a second member interconnecting the mounting
base and a second portion of the clamp body. The first
member extends spaced apart from the second member such
that a gap 1s defined therebetween.

The first member and the second member of the connect-
ing section may each have a thickness less than that of the
first portion and the second portion of the clamp body,
respectively.

The mounting base includes a first tlange connected to the
first member and a second flange connected to the second
member, the first flange and the second flange arranged
overlaying and parallel to one another. A respective thick-
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4

ness of the first member and the second member may be less
than a combined thickness of the first flange and the second
flange.

The first member and the second member of the connect-
ing section may each have a curved shape with a concave
side facing away from the support structure.

The P-clamp has a predefined deformation characteristic
under a predetermined loading profile where the connecting
section bends as the load force applied to the clamp body
increases and plastically deforms when the load force
reaches a predetermined applied load force threshold.

According to an implementation, the P-clamp progres-
sively deforms under the predetermined loading profile such
that the clamp body 1s rotated away from the support
structure and displaced towards the mounting base when the
load force applied to the clamp body reaches the predeter-
mined applied load force threshold.

A support member may be coupled to the support struc-
ture and engaged against the clamp body to dampen vibra-
tions. The support member may comprise a resilient canti-
lever structure overhanging the clamp body, and include an
outwardly extending portion running transversely to the
support structure and a depending portion extending trans-
versely from the outwardly extending portion towards the
mounting base. The depending portion may be structured
and arranged to apply a force against the clamp body, at least
a component of the force being directed to the support
structure. The support member may have a free end 1nclud-
ing an outwardly flared lip.

According to a second aspect, there 1s provided an aircrait
comprising such a support structure, and the P-clamp 1is
structured and arranged to support a fluid conduit suspended
from the support structure in the inverted upright position
under a static load three of the fluid conduat.

According to a third aspect, there 1s provided an aircrait
tuel line installation comprising a support structure, a fuel
line, and a frangible attachment operably connecting the tuel
line to the support structure. The frangible attachment
includes a P-clamp structured and arranged to support the
tuel line from the support structure. The P-clamp includes a
mounting base attached to the support structure, a circular
clamp holding the fuel line suspended from the support
structure, and a connecting section interconnecting the
clamp body and the mounting base. The P-clamp 1s arranged
in an inverted upright position when subjected to a static
load force of the fuel line where the mounting base 1is
disposed underneath the clamp body relative to a direction
ol the static load force.

The connecting section 1s weakened compared to that of
the clamp body and the mounting base such that the con-
necting section bends and elastically deforms under an
applied load force greater than the static load force and
plastically deforms when the applied load force reaches a
predetermined applied load force threshold. The connecting,
section may have a thickness less than that of the clamp
body and the mounting base.

The P-clamp may be structured and arranged to progres-
sively deform from an initial condition to a deformed
condition under a predetermined loading profile where an
applied load force progressively increases from the static
load force to a predetermined applied load force threshold.
The P-clamp 1s arranged 1n the mverted upright position 1n
the mitial condition, and the clamp body is rotated away
from the support structure and displaced towards the mount-
ing base 1n the deformed condition.

The clamp body may be rotated away from the support
structure 1n the deformed condition by an angle of greater
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than 90° relative to the imitial condition. Additionally or
alternatively, the clamp body i1s rotated away from the
support structure by an angle of approximately 40°-30°
relative to the initial condition when the applied load force
1s between 35%-40% of the predetermined applied load
force threshold.

A cantilever support member structured and arranged to
overhang the P-clamp and resiliently engage against the
clamp body to dampen vibrations. The cantilever support
member 1s prestressed against the clamp body until the
applied load forces exceeds approximately 35%-40% of the
predetermined applied load force threshold.

The frangible attachment further includes a {fastener
received 1n an aperture of the mounting base and secured to
the support structure. The fastener (e.g., a stud, screw, rivet,
etc.) may {ix the mounting base to the support structure as
the P-clamp 1s progressively deformed from the initial
condition to the deformed condition.

Implementations of the disclosure may include combina-
tions of the above-described features. Details of these and
other aspects of the disclosure will be apparent from the
tollowing discussion.

Referring now to FIG. 1, there 1s shown an aircrait at 10,
and 1s generally described to 1llustrate some components for
reference purposes in the present disclosure. Aircrait 10
may, for example, include any suitable aircraft such as
corporate, private, commercial, military or any other type of
aircraft. Aircrait 10 may be a fixed-wing aircraft or a
rotary-wing aircrait. Aircraft 10 may be a rear engine
aircraft, but 1t 1s understood that aspects of the present
disclosure could also apply to aircraits with wing-born
engines. Aircraft 10 may, for example, be a narrow-body,
twin engine jet airliner. It will be appreciated that other types
of aircraft may be employed within the context of the present
disclosure, including, but not limited to, wide-body aircraft,
narrow-body aircrait, light aircrait, single-engine aircratt,
twin-engine aircrait, trijet or three-engine aircrait, quadjet or
four-engine aircraft, or combinations thereof. Although
described within the context of an aircrait, the present
disclosure may be applied to other vehicle types including,
but not limited to, submersible vehicles such as a submarine,
automobiles such as cars, trucks and buses, locomotives, and
all-terrain vehicles.

The aircrait 10 includes a fuselage 12 longitudinally
defining in the X-direction) a fore end 14 at which a cockpit
may be located, and an aft end 16 supporting an empennage
or tail assembly (hereafter “empennage 18”). One or more
wings 20 extend laterally (e.g., in the Y-direction) from the
tuselage 12. The aircraft includes one or more engines 22
that may be mounted to the fuselage 12 as shown, although
one or more engines 22 may additionally or alternatively be
mounted to the wings 20 and/or the empennage 18.

With reference to FIG. 2, the aircraft 10 additionally
includes a support assembly 100 that may be incorporated
into one or more systems and/or installations of the aircrait
10. The support assembly 100 comprises a frangible (e.g.,
deformable) attachment 102 for mounting components and/
or devices such as an elongated component structure 104
(e.g., a tube, conduit, etc.) to a support structure 106 of the
aircraft 10. The frangible attachment 102 includes a P-clamp
108 attached to the support structure 106 by a fastener or
tastener device or fastening means (hereafter “fastener 1107)
such as a bolt or screw or a stud or another suitable fastener.
It will he appreciated that more than one P-clamp 108 may
be used to mount a common elongated component structure
104 to the support structure 106, and/or that a plurality of
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6

support structure 106 via a respective P-clamp 108. The
support structure 106 may be any aircraft structure or
structural member(s) forming part of the fuselage 12, the
empennage 18, the wings 20, and/or the engines 22.
Examples of such support structures 104 include, but are not
limited to, brackets, beams, ribs, spars, frames, stringers,
bulkhead panels, tloor panels and the like. As can he seen in
FIG. 2, the support structure 106 has a support surface 112
extending 1n parallel to) the Z-direction, that 1s parallel to the
direction of gravity show by arrow 114 (e.g., vertically), for
receiving the frangible attachment 102. Although the sup-
port structure 106 1s shown to have a rectangular shape, 1t 1s
understood that the shape of the support structure 106 may
vary and have, e.g., a C-shaped or L-shaped cross-section.
The elongated component structure 104 may include, but 1s
not limited to, one or more hoses, tubes, pipes, fluid con-
duits, fuel lines, hydraulic lines, pneumatic lines, vent lines,
clectrical cables and the like. The elongated component,
structure 104 may extend longitudinally in the aircraft 10
(e.g., parallel to the X-direction). Although the elongated
component structure 104 1s shown to have a tubular shape,
it will be appreciated that other shapes (e.g., rectangular)
may he employed without departing from the scope of the
disclosure.

Pursuant to the exemplary 1llustration, the support assem-
bly 100 may be used 1n a fuel line installation 200 to mount
a fuel line 202 (e.g., of a main fuel system or an auxihary
fuel system) of the aircraft 10. In some arrangements, the
fuel line 1installation 200 may be employed within the
fuselage 12 of the aircrait 10 where fuel travels via the fuel
line 202 (e.g., a hose or tube) throughout the aircrait 10 to
vartous aircrait systems and sub-systems. According to
current airrworthiness standards, each fuel line 202 within
the fuselage 12 must be designed and installed to allow a
reasonable degree of deformation and stretching without
leakage to comply with standards of safety and crashwor-
thiness, €.g., to reduce or eliminate hazards associated with
post-crash fire 1n survivable crash scenarios, which have
been observed at vertical descent velocities of greater than
five (5) teet per second (Ips). The energy from such descents
and/or 1impact during a crash event may generate dynamic
loads that may he transierred to the fuel line 202 as high load
peaks comprising an intense and sudden force applied 1n the
vertical direction (e.g., the Z-direction) under the eflect of
the kinetic energy. The fuel line 202 needs to be installed so
that 1t will not impact the surrounding structure during such
a survivable crash event. Otherwise, finite element analysis
(FEA) 1ndicates that the fuel line 202 may undergo a
“ouillotine” situation (e.g., the fuel line may be cut by
surrounding structure) which can lead to fuel line failure and
tuel leakage when the fuel line 202 1s subjected to threshold
loads. Through extensive testing and analysis, 1t has been
shown that the frangible (e.g., deformable) attachment 102
performs 1n compliance with the current airworthiness stan-
dards 1n a repeatable and dependable manner by failing (e.g.,
yielding and deforming) in a controlled manner when sub-
jected to applied loads to allow the fuel line 202 to flex and
deform without impacting the surrounding structure.

The P-clamp 108 1s arranged in an inverted upright
configuration (e.g., an mverted vertical configuration) where
the fuel line 202 (e.g., a hose or tube) 1s supported by the
P-clamp above 1ts point of attachment (e.g., by way of the
fastener 110) to facilitate controlled deformation of the
P-clamp under a predetermined loading profile (e.g., a
predetermined crash loading). The P-clamp 108 may be
configured to support the fuel line 202 in the inverted upright
position under a static load force 116, e.g., the environmen-
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tal and operational loads due to weight, fuel pressure,
accelerated tlight conditions and the like which are expected
to occur during normal fhght conditions. Further, the
P-clamp 108 may be configured to yield and progressively
deform 1n a controlled manner upon an application of a load
force greater than the static load force 116 to ensure failure
of the frangible attachment 102 when the load force reaches
a predetermined applied load force threshold. For example,
the P-clamp 108 may deform by bending, rotating, displac-
ing, and/or otherwise changing shape to allow the fuel line
202 to flex and deform without impacting the support
structure 106. The predetermined applied load force thresh-
old may he a predetermined value that 1s specific to a
predefined 1nstallation (e.g., a fuel line 1nstallation 200) that
may vary depending on the requirements for the installation.
For example, according to a non-limiting example, for a rear
twin-engine aircrait the predetermined applied load force
threshold may be approximately 220 1bs. (100 kg). In any
case, the predetermined applied load force threshold 1s the
threshold load (e.g., the impact force of a survivable crash
cvent) that 1s transferred from the fuel line 202 to the
P-clamp 108 that triggers failure or controlled deformation
of the P-clamp 108 and release of the fuel line 202 so as to
not 1mpact the support structure 106.

The P-clamp 108 may be formed from a resilient material
(e.g., metal such as steel or alloys thereof) to retain elasticity
until the predetermined applied load force threshold has
been reached. The material of the P-clamp 108 may be
configured to withstand the static load force 116 of the tuel
line 202 1n the inverted upright position. The material of the
P-clamp 108 may be further configured to plastically deform
under the predetermined applied load force threshold. The
P-clamp 108 may be formed from a single piece of material.
The P-clamp 108 includes a clamp body 118 defining an
opening 120 for receiving the fuel line 202, a mounting base
122 that engages the support structure 106, and a connecting
section 124 interconnecting the clamp body 118 and the
mounting base 122.

A support member 126 may be provided to overhang the
P-clamp 108 and dampen vibrations generated during nor-
mal or expected tlight conditions. For example, the support
member 126 may be attached to the support structure 106
above the P-clamp 108 and/or the fuel line 202 and engage
against the clamp body 118 to stabilize and absorb vibrations
transierred from the fuel line 202. The support member 126
may be formed from a resilient material (e.g., metal such as
steel and alloys thereof) that applies a force or bias against
the clamp body 118 in a direction of the support structure
106 to suppress vibrations and/or restrain movement 1n the
Y-direction (e.g., orthogonally to the support structure 106).
The support member 126 may be configured to flex and yield
as the load force applied to the damp body 118 increases to
tacilitate the controlled deformation of the P-clamp 108.

With reference to FIG. 3, the P-clamp 108 supports the
tuel line 202 from the support structure 106 i1n the mnverted
upright position where the mounting base 122 is arranged
underneath the clamp body 118 relative to a direction of
gravity 114. As a result, the P-clamp 108 1s configured to
utilize the moment of force transferred from the fuel line 202
to bend and deform under a predetermined loading profile.
For example, the clamp body 118 holds the fuel line 202
suspended from the support structure 106 with the static load
of the fuel line applying a force 1n the Z-direction towards
the mounting base as shown by arrow 116 (e.g., downwardly
in the direction of gravity). Upon an application of an
applied load force greater than the static load force, the
P-clamp 1s configured to yield (e.g., bend) at the connecting
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section 124 for controlled deformation where the clamp
body 118 rotates away from the support structure 106 and
displaces towards the mounting base 122. This controlled
deformation ensures compliance with the current airworthi-
ness standards by allowing release of the fuel line 202 to flex
and deform as required to not impact the surrounding
structure as well as avoid a “guillotine” situation of the fuel
line 202. The connecting section may be configured to resist
the static load force of the fuel line 202 and retain 1its
clasticity (e.g., elastically deform) until the applied load
force reaches the predetermined applied load threshold to
allow the P-clamp 108 to return to the inverted upright
position 1f the applied load force does not reach the prede-
termined threshold value. Once the applied load force
reaches the predetermined threshold value, the deformation
of the connecting section 124 may shift from elastic to
plastic deformation and thus become permanent.

Referring to FIGS. 3 and 4, the clamp body 118 has a
substantially circular clamp contour 128 (e.g., imnner diam-
cter or surface) that engages around the fuel line 202 (c1 FIG.
3) and defines the opening 120 with a center axis C , oriented
in the X-direction (e.g., the longitudinal direction of the fuel
line 202). The clamp body 118 may comprise a first or
proximal portion (hereafter “first portion 130’), a second or
distal portion (hereafter “second portion 132”) disposed
away from the support structure 106 relative to the first
portion 130, and an intermediate semicircular portion 134
interposed therebetween. The first portion 130 and the
second portion 132 may extend relatively straight in the
Z-direction and the Y-direction, respectively, and merge into
the semicircular portion 134 to complete the clamp contour
128. The first portion 130 may be arranged at a distance
spaced away from the support structure 106 so that a gap or
spacing 1s present between a proximal surface 136 of the
clamp body 118 and the support surface 112 or a plane
thereol, to facilitate rotation of the clamp body 118 away
from the support structure 106. The first 130, second 132,
and semicircular portions 134 may respectively have a
thickness and/or rigidity greater than that of the connecting
section 124 to facilitate supporting the fuel line 202 and to
provide a weakened region at the connecting section 124
(e.g., so that the connecting section 124 has a greater
tendency to flex and deform).

The connecting section 124 extends transversely to the
mounting base 122 and the clamp body 118 (e.g., obliquely
to the Z-direction), and 1s configured to bend and facilitate
displacement of the clamp body 118 in the Z-direction upon
an application of the load force to the clamp body 118. The
connecting section 124 may retain 1ts elasticity (e.g., elas-
tically deform) until the applied load force reaches the
predetermined applied load threshold to allow the P-clamp
108 to return to the mverted upright position 1f the applied
load force does not reach the predetermined threshold value.
Once the applied load force reaches the predetermined
threshold value, the deformation of the connecting section
124 may shift from elastic to plastic deformation and thus
become permanent. The connecting section 124 includes a
first or proximal member (hereafter “first member 138”)
interconnecting the mounting base 122 and the first portion
130 of the clamp body 118, and a second or distal member
(hereafter “distal member 140”) interconnecting the mount-
ing base 122 and the second portion 132 of the clamp body
118. The first member 138 and/or the second member 140
may be formed from a solid piece of resilient matenal (e.g.,
a metal such as steel, stainless steel, or alloys thereof). The
first member 138 may extend spaced apart from the second
member 140 such that a gap 142 1s defined therebetween.
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The gap 142 may facilitate rotation of the clamp body 118
towards the mounting base 122 to facilitate controlled
deformation of the P-clamp 108.

The mounting base 122 extends away from the clamp
body 118 and the connecting section 124 1n the Z-direction
and has a mounting surface 144 that engages or abuts against
the support surface 112 of the support structure 106. The
mounting base 122 connects the P-clamp 108 to the support
structure 106 and may be configured to hold, via the
connecting section 124, the clamp body 118 with the first
portion 130 arranged spaced apart from the support, struc-
ture 106, e.g., the proximal surface 136 of the first portion
130 may be arranged offset outwards along the Y-direction
relative to the mounting surface 144 and/or a plane defined
by the support surface 112. The provision of the gap or
spacing between the proximal surface 136 and the support
surface 112 or the plane thereof may help avoid impacts or
collisions between the fuel line 202 and the support structure
106 may facilitate displacement of the clamp body 118 away
from the support structure 106 and towards the mounting
base 122 when subjected to an applied load force greater
than the static load force 116. According to an implemen-
tation, the mounting surface 144 may be the only portion of
the P-clamp 108 that engages, abuts, or otherwise contacts
the support structure 106 to facilitate releasing the fuel line
202 to flex and deform.

The mounting base 122 may include a first or proximal
flange (hereafter “first flange 146”) and a second or distal
flange (hereafter “second tlange 148”) arranged overlaying
and parallel to one another. The overlaying and parallel
configuration of the first and second flanges 146, 148
provides the mounting base 122 with a thickness and/or
rigidity greater than that of connecting section 124 such that
the weakened region of the P-clamp 108 (e.g., the connect-
ing section 124) 1s interposed between the mounting base
122 and the clamp body 118 to facilitate controlled defor-
mation and failure of frangible attachment 102.

First and second flanges 146, 148 may further extend
parallel to the support surface 112 of the support structure
106 to provide a flat or flush engagement to facilitate a
secure attachment to the support structure 106. A respective
aperture 1s provided 1n the first and second flange 146, 148
which are axially aligned and centered about a hole axis 152,
which extends parallel to the Y-direction. The apertures
receive the fastener 110 axially to the hole axis 152 (e.g., in
the Y-direction) to attach the P-clamp 108 to the support
structure 106. The fastener 110 1s accommodated 1n a
corresponding opening 154 of the support structure 106 and
may comprise a longitudinal bolt or pin extending from a
head 156 to a free end 158 via a shait 160, a nut 162 disposed
at the free end 158, and a washer 164 disposed at the head
156. The longitudinal bolt may comprise a solid shaft 160
and may be made from titanium (e.g., a solid titanium bolt),
although 1t will be appreciated that other materials such as
steel may be employed without departing from the disclo-
sure. The provision of a solid pin or shait 160 may help
ensure that the frangible attachment 102 resists the environ-
mental and operational loads during normal tlight and thus
designed {failure only upon reaching the predetermined
applied load force threshold without premature failure.

The P-clamp 108 has structural characteristics such as
geometry, thickness, and/or matenial properties (e.g.,
strength, rigidity, resilience) that provides controlled defor-
mation under a predetermined loading profile. For example,
the first member 138 may have a thickness less than that of
the first flange 146 and the first portion 130, and/or the
second member 140 may have a thickness less than that of
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the second flange 148 and the second portion 132, to
tacilitate controlled deformation of the P-clamp 108 at the
connecting section 124. In some arrangements, the {first
member 138 and the second member 140 may each have a
thickness that 1s one-third (¥53) to two-thirds (34), and in
some circumstances one-half (12) to two-thirds (243), of the

thickness of the respective flanges 146, 148 and support
portions 130, 132 134. The reduced thickness of the first and
second members 138, 140 may provide the connecting

section 124 with a reduced strength and/or a reduced rigidity
while being able to withstand the static load force 116 of the
fuel line 202. Additionally or alternatively, the first member
138 and/or the second member 140 may have a curved
shape, €.g., an arcuate cross-sectional shape, with a concave
side facing away from the support structure 106 or respec-
tively facing outwards 1n a direction extending orthogonally
to the support surface 112 of the support structure 106 (e.g.,
outwards in the Y-direction). Such a curvature or curved
shape of the first and/or second members 138, 140 may
facilitate rotation of the clamp body 118 away from the
support structure 106 and displacement in the Z-direction
towards the mounting base 122. Further, the gap 142 may be
disposed 1 a region of the curvature of the connecting
section 124 and extend from the mounting base 122 to the
clamp body 118 so that the first member 138 1s completely
separated from the second member 140. In some arrange-
ments, the gap 142 may extend into the opening 120 and
separate the first portion 130 of the clamp body 118 from the
second portion 132 to allow the clamp contour 128 to shiift
with the fuel line 202 during displacement. The structural
characteristics such as geometry, thickness, and/or mechani-
cal properties can be adapted to suit different loading profiles
for specific installations.

Referring back to FIG. 3, the support member 126 may
comprise a resilient cantilever structure that provides vibra-
tion dampening and facilitates vertical displacement of the
tuel line 202 towards the mounting base 122. The support
member 126 may include a mounting portion 166 attached
to the support structure 106, an outwardly extending portion
168 running transversely to the support structure 106 (e.g.,
in the Y-direction) above the clamp body 118, and a depend-
ing portion 170 extending transversely from the outwardly
extending portion 168 towards the mounting base 122 (e.g.,
in the Z-direction). The depending portion 170 may be
configured to apply a force against the clamp body 118, at
least a component of the force being directed to the support
structure 106, and vield to the rotation of the P-clamp 108
as the load forces applied to the clamp body 118 increase. A
free end of the support member 126 (e.g., a lower end of the
depending portion 170) may include an outwardly flared lip
172 to allow the P-clamp 108 to return to the inverted
upright position 1f the predetermined applied load force
threshold 1s not reached.

The P-clamp 108 and the support member 126 can be
configured for controlled deformation under a predeter-
mined loading profile where the applied load force progres-
sively increases from the static load force 116 to the prede-
termined applied load three threshold. Controlled
deformation means that, when predefined load forces are
applied, the P-clamp 108 can deform according to a prede-
termined deformation characteristic or behavior. For
example, as shown in FIGS. SA-5E, the P-clamp 108 may be
structured and arranged to progressively deform from an
initial condition to a deformed condition. With reference to

FIG. 3 for context, FIGS. 5A-5E show the P-clamp 108 at
the initial condition and sequential stages of deformation
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under the predetermined loading profile (e.g., the applied
load force over time during a survivable crash event).

FIG. SA shows an example of the imitial condition. The
P-clamp 108 supports the tuel line 202 under the static load
force 116 and 1s arranged in the mmverted upright position
where the clamp body 118 1s arranged above the mounting
base 122 relative to the Z-direction (e.g., relative to the
direction of gravity 114). The first portion 130 and the
second portion 132 may extend relatively straight in the
Z-direction and the Y-direction, respectively. The support
member 126 bears against the clamp body 118 and may
apply a force directed towards the support structure 106
(e.g., transversely through the clamp body 118 1n the Y-di-
rection). In the illustrated example, both the outwardly
extending portion 168 and the depending portion 170 engage
against the clamp body 118, however it will be appreciated
that only the depending portion 170 may engage against the
clamp body 118 in the imitial condition.

FIG. 5B shows a first stage of deformation upon an
application of a load force F. The P-clamp 118 vields (e.g.,
bends) at the connecting section 124 under the applied load
torce F and the gap 142 or distance between the first member
138 and the second member 140 decreases. In the first stage,
the clamp body 118 1s rotated away from the support
structure 106 by an angle of approximately 14°-20° relative
to the mitial condition and 1s displaced towards the mount-
ing base 122 in the Z-direction (e.g., in the direction of
gravity 114). The rotation of the clamp body 118 allows the
tuel line 202 to displace vertically (e.g., in the Z-direction)
as part of the controlled deformation. As the clamp body 118
rotates, the support member 126 deflects and elastically
deforms while engaging against the clamp body 118 (e.g.,
via the depending portion 170). The support member 126
may apply a force against the clamp body 118 to restrain or
impede an outward lateral movement (e.g., n the Y-direc-
tion) of the clamp body 118 relative to the support structure
106 and facilitate vertical displacement of the fuel line 202.
The load force F in the first stage may amount to approxi-
mately 30-353% of the predetermined applied load force
threshold.

FIG. 5C shows a second stage of deformation upon an
increase of the application of load force F, e.g., subsequent
to the first stage. The applied load force F 1n the second stage
may amount to greater than 35% to approximately 40% of
the predetermined applied load force threshold. In the sec-
ond stage, the connecting section 124 continues to elasti-
cally deform towards the mounting base 122 and may
maintain a slight spacing (e.g., a relatively small gap 142)
between the first member 138 and the second member 140.
The clamp body 118 1s rotated by an angle of approximately
40°-30° (e.g., approximately 45° as shown) relative to the
initial condition and 1s displaced further from the inverted
upright position. The support member 126 vyields to the
rotation of the clamp body 118 while mamtaining contact
with the P-clamp 108 the depending portion 170 1s detlected
and flexed outwardly away from the support structure 106 1n
the Y-direction). The support member 126 may maintain
contact or engagement with the P-clamp 108 until the
applied load force exceeds approximately 35%-40% of the
predetermined applied load force threshold. By maintaining
contact with the P-clamp (e.g., by way of the depending
portion 170 engaging against the clamp body 118) until the
applied load force exceeds approximately 35%-40% of the
predetermined applied load force threshold, the support
member 126 15 able to dampen and/or absorb vibrations and
oscillations of the fuel line 202 during normal flight loads,
¢.g., ascent and descent maneuvers, turbulent flight condi-
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tions, etc. Additionally, i1f the applied load force diminishes
or decreases from the value of approximately 35%-40% of
the predetermined applied load force threshold, the support
member 126 may be configured to allow the P-clamp 108 to
return to the inverted upright position upon unloading and/or
may urge the P-clamp 108 into the imitial condition (e.g.,

FIG. 5A, the inverted upright position) via the depending
member 170 applying a force or bias against the clamp body

118 in a transverse direction towards the support structure

106.

FIG. 5D shows a third stage of deformation upon a further
increase of the application of load force F, e.g., subsequent
to the second stage. The applied load force F in the third
stage may amount to approximately 50-55% of the prede-
termined applied load force threshold. In the third stage, the
clastic deformation of the connecting section 124 closes the
gap 142 or spacing between the first member 138 and the
second member 140. The clamp body 118 is rotated by an
angle of approximately 70°-75° relative to the initial con-
dition and 1s displaced even further from the inverted upright
position than i the second stage. At this time, the support
member 126 has released and disengaged from the P-clamp
108 to facilitate release of the fuel line 202 11 the applied
load force reaches the predetermined applied load force
threshold.

FIG. S5E shows a final stage of deformation where the
applied load force reaches the predetermined applied load
force threshold. Accordingly, FIG. SE shows an exemplary
failure condition of the frangible attachment 102. In the final
stage, the deformation of the connecting section 124 may
shift from elastic to plastic deformation. The clamp body
118 1s rotated by an angle of greater than 90° relative to the
initial condition, and may exceed an angle of approximately
100° relative to the initial condition, but does not rotate so
far as to contact or impact the support structure 106.
Accordingly, the clamp body 118 may be rotated by an angle
of 90°<a<105°. The clamp body 118 carrying the fuel line
202 1s fully displaced from the inverted upright position to
allow the tuel line 202 to flex and deform without impacting
the support structure 106.

During the controlled deformation, the connecting section
124 bends (e.g., progressively elastically deforms) as the
load force F applied to the clamp body 118 increases, and
may retain its elasticity at least until the predetermined
applied load force threshold i1s reached. The connecting
section 124 may then plastically deform when or once the
load force F applied to the clamp body 118 reaches the
predetermined applied load force threshold. The deforma-
tion of the connecting section 124 may be influenced and/or
controlled by the configuration of the first member 138 and
the second member 140. For example, the thickness, mate-
rial, and/or shape of the first member 138 and the second
member 140 can provide certain deformation characteristics.
The thickness, matenial, and/or shape of the first and second
members 138, 140 may be selected to allow for deformation
under the predetermined loading profile without plasticizing
at least until the predetermined applied load force threshold
1s reached (e.g., the yield point of the connecting section 124
may be triggered at the predetermined applied load force
threshold). Accordingly, failure of the P-clamp 108 may be
ensured 1n compliance with current airworthiness standards
without utilizing break-away features such as perforations,
slots, or grooves that are commonly employed 1n conven-
tional frangible clamps. This may reduce complexity and
manufacturing costs as well as {facilitate retrofitting the
P-clamp 108 into pre-existing installations.
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The P-clamp 108 remains attached to the support structure
106 during the controlled deformation via the fastener 110.
In the inverted upright position (e.g., the mitial condition
shown 1n FIG. SA), the fastener 110 secures the mounting
base 122 to the support structure 106 underneath the clamp
body 118 and the fuel line 202 supported therein. The
tastener 110 may comprise a solid pin or shait 160 with an
anchor nut 162 or a seli-locking nut 162 and fix the
mounting base 122 to the support structure 106 as the
P-clamp 108 1s progressively deformed from the nitial
condition (e.g., FIG. SA) to the deformed condition (e.g.,
FIG. 5E). The provision of a solid longitudinal pin as the
tastener 110 may help ensure that the P-clamp 108 does not
prematurely fail before the load force F reaches the prede-
termined applied load force threshold, and may facilitate
retrofitting the frangible attachment 102 into pre-existing
installations without significant modifications to the support
structure 106.

It will be appreciated that the aforementioned support
assembly 100 and frangible attachment 102 may be modified
to have some components removed, or may have additional
components added, all of which are deemed to be within the
spirit of the present disclosure. For example, 1n some
arrangements, the fastener may comprise a frangible bolt
such as a hollow shear bolt rated to fail 1n shear upon
application of the predetermined applied load force thresh-
old to the P-clamp. The hollow shear bolt may be provided
with an axial bore that may extend along the longitudinal
length thereof, which may be formed by drilling (e.g., gun
drilling) to provide the hollow shear bolt with a predefined
shaft thickness selected to enable the bolt to fail 1n shear
once the predetermined applied load force threshold is
reached. As indicated above, however, the disclosed fran-
gible attachment 102 may utilize a solid longitudinal pin or
bolt (e.g., a solid shait 160) as the fastener 110 to prevent
premature failure and thus ensure compliance with current
arrworthiness standards.

As another example, 1n some arrangements, the connect-
ing section may be provided with further features that
tacilitate the controlled deformation and/or failure of the
P-clamp. For example, the connecting section may be pro-
vided with perforations (e.g., a series of openings extending
through the material of the first member and/or the second
member) to enable tearing or shear failure of the connecting
section and allow complete release of the fuel line from the
support structure (e.g., separation of the clamp body from
the mounting base).

Accordingly, even though the present disclosure has been
described in detail with reference to specific examples, 1t
will be appreciated that the various modifications and
changes can be made to these examples without departing
from the scope of the present disclosure as set forth 1n the
claims. It 1s anticipated and intended that future develop-
ments will occur 1n the technologies discussed herein, and
that the disclosed assembly, device and/or article will be
incorporated into such future developments. Thus, the speci-
fication and the drawings are to be regarded as an 1llustrative
thought instead of merely restrictive thought.

As used herein, spatial or directional terms such as
“immboard,” outboard,” “top,” “bottom,” “upper,” “lower,”
“up,” “down,” and the like, relate to the 1llustrations shown
in the figures and are not to be considered as limiting.
Further, all numbers expressing dimensions, ratios and the
like, used 1n the specification and claims, are to be under-
stood to encompass tolerances and other deviations as
represented by the term “about” or “approximately.” For
example, the term “approximately” used 1n connection with
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the angles and percentages described above 1s meant to
encompass tolerances of £1° and 1%, respectively. More-
over, all ranges disclosed herein are to be understood to
encompass any and all sub-ranges subsumed therein.

All terms used 1n the claims are intended to be given their
broadest reasonable constructions and their ordinary mean-
ings as understood by those knowledgeable 1n the technolo-
gies described herein unless an explicit indication to the
contrary 1in made hereimn. In particular, use of the singular
articles such as “a,” “the,” “said.,” etc. should be read to
recite one or more of the imdicated elements unless a claim
recites an explicit limitation to the contrary. Further, the use
of “at least one of” 1s intended to be 1nclusive, analogous to
the term and/or. As an example, the phrase “at least one of
A, B and C” includes A only, B only, C only, or any
combination thereof (e.g. AB, AC, BC or ABC). Addition-
ally, use of adjectives such as first, second, etc. should be
read to be interchangeable unless a claim recites an explicit
limitation to the contrary.

What 1s claimed 1s:

1. A support assembly, comprising:

a support structure;

a P-clamp attached to the support structure, the P-clamp

including:

a clamp body defining an openming;

a mounting base structured and arranged to engage the

support structure;

a connecting section interconnecting the clamp body and

the mounting base;
wherein the P-Clamp 1s arranged in an inverted upright
position where the mounting base 1s attached to the
support structure underneath the clamp body relative to
a direction of gravity, and wherein the P-clamp vields
at the connecting section upon an application of a load
force to the clamp body equal to or greater than a
predetermined applied load force threshold; and

wherein the P-clamp has a predefined deformation char-
acteristic under a predetermined loading profile where
the connecting section bends as the load force applied
to the clamp body increases and plastically deforms
when the load force reaches the predetermined applied
load force threshold.

2. The support assembly of claim 1, wherein the connect-
ing section includes a first member interconnecting the
mounting base and a first portion of the clamp body, and a
second member interconnecting the mounting base and a
second portion of the clamp body, and wherein the first
member extends spaced apart from the second member such
that a gap 1s defined therebetween.

3. The support assembly of claim 2, wherein the first
member and the second member of the connecting section
cach have a thickness less than that of the first portion and
the second portion of the clamp body, respectively.

4. The support assembly of claim 2, wherein the mounting,
base includes a first flange connected to the first member and
a second flange connected to the second member, the first
flange and the second flange arranged overlaying and par-
allel to one another, and wherein a respective thickness of
the first member and the second member 1s less than a
combined thickness of the first flange and the second flange.

5. The support assembly of claim 2, wherein the first
member and the second member of the connecting section
cach have a curved shape with a concave side facing away
from the support structure.

6. The support assembly of claim 1, wherein the P-clamp
progressively deforms under the predetermined loading pro-
file such that the clamp body 1s rotated away from the
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support structure and displaced towards the mounting base
when the load force applied to the clamp body reaches the
predetermined applied load force threshold.

7. The support assembly of claim 1, further comprising a
support member coupled to the support structure and
engaged against the clamp body to dampen vibrations.

8. The support assembly of claim 7, wherein the support
member 1s a resilient cantilever structure overhanging the
clamp body, and includes an outwardly extending portion
running transversely to the support structure and a depend-
ing portion extending transversely from the outwardly
extending portion towards the mounting base, and wherein
the depending portion 1s structured and arranged to apply a
force against the clamp body, at least a component of the
force being directed to the support structure.

9. The support assembly of claim 8, wherein the support
member has a free end including an outwardly flared lip.

10. An aircrait comprising the support assembly of claim
1, wherein the P-clamp 1s structured and arranged to support
a flmd conduit suspended from the support structure 1n the
inverted upright position under a static load force of the fluid
conduit.

11. An aircrait fuel line installation, comprising:

a support structure;

a fuel line;

a frangible attachment operably connecting the fuel line to
the support structure, the frangible attachment includ-
ing a P-clamp structured and arranged to support the
fuel line from the support structure;

the P-clamp including a mounting base attached to the
support structure, a circular clamp holding the fuel line
suspended from the support structure, and a connecting
section interconnecting the clamp body and the mount-
ing base;

wherein the P-clamp i1s arranged in an iverted upright
position when subjected to a static load force of the fuel
line where the mounting base 1s disposed underneath
the clamp body relative to a direction of the static load
force.

12. The aircraft fuel line 1nstallation of claim 11, wherein
the connecting section 1s weakened compared to that of the
clamp body and the mounting base such that the connecting
section bends and elastically deforms under an applhied load
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force greater than the static load force and plastically
deforms when the applied load force reaches a predeter-
mined applied load force threshold.

13. The aircraft fuel line 1installation of claim 12, wherein
the connecting section has a thickness less than that of the
clamp body and the mounting base.

14. The aircraft fuel line installation of claim 11, wherein
the P-clamp 1s structured and arranged to progressively
deform from an inmitial condition to a deformed condition

under a predetermined loading profile where an applied load
force progressively increases from the static load force to a
predetermined applied load force threshold, wherein the
P-clamp 1s 1n the mnverted upright position in the nitial
condition, and the clamp body 1s rotated away from the
support structure and displaced towards the mounting base
in the deformed condition.

15. The aircraft fuel line 1installation of claim 14, wherein
the clamp body 1s rotated away from the support structure in
the deformed condition by an angle of greater than 90°
relative to the imitial condition.

16. The aircraft fuel line 1nstallation of claim 15, wherein
the clamp body 1s rotated away from the support structure by
an angle of approximately 40°-30° relative to the initial
condition when the applied load force i1s between 35%-40%
of the predetermined applied load force threshold.

17. The aircraft fuel line installation of claim 14, further
comprising a cantilever support member structured and
arranged to overhang the P-clamp and resiliently engage
against the clamp body to dampen vibrations.

18. The aircraft fuel line 1installation of claim 17, wherein
the cantilever support member 1s prestressed against the
clamp body until the applied load forces exceeds approxi-
mately 35%-40% of the predetermined applied load force
threshold.

19. The aircraft fuel line 1installation of claim 14, wherein
the frangible attachment further includes a fastener recerved
in an aperture ol the mounting base and secured to the
support structure, wherein the fastener fixes the mounting
base to the support structure as the P-clamp 1s progressively
deformed from the initial condition to the deformed condi-
tion.
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